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ABSTRACT
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PREFACE
I was standing on a narrow dirt ledge several feet above the ground with my body pressed
up against an eroding seawall. My feet were firmly planted while my hands meticulously
repeated the motion of troweling coffin soil from a vertical burial site. My back was to the
calming waves of the Caribbean Sea and my focus was on the anticipation of finding my first
human skeletal element. It was the summer of 2018, and I was part of a highly competitive NSF
REU project titled “Exploring Globalization Through Archaeology” (Award number: 1757702)
under the supervision of Ashley McKeown, Ph.D. and Todd Ahlman, Ph.D. (Texas State
University, San Marcos). The forensic archaeology fieldwork project tasked us to examine burial
contents from an 18th-century cemetery on the island of Sint Eustatius. For years leading up to
that moment, I had learned about bioarchaeological methodology in lecture halls and textbooks.
Now it was time to apply my osteological knowledge in the field.
After days of uneventful sifting of coffin fill soil, it finally happened—a human tooth
cleared into view on the sifter screen as clumps of dirt filtered away. I picked up the tooth and
held it at eye level, almost lined up with the horizon in the background where the sea meets the
sky. My undergraduate osteological training with Samantha Hens, Ph.D. (California State
University, Sacramento) taught me to recognize it as a maxillary molar based on its three roots
and four cusps. Since that moment, my fascination with human teeth has been driven by the
many anthropological analyses possible with their use.

“…if I hadn't discovered that tooth, I would have been lost alone forever.”
Pi Patel, Life of Pi
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INTRODUCTION

From the moment our permanent teeth push past the gumline, the enamel begins eroding
due to normal wear with age, mechanical injury, or from the effects of oral bacteria, resulting in
degradation then potential tooth loss in the oral cavity. However, between then, our teeth start to
build up massive amounts of biological information in vivo useful for population studies,
especially in caries (cavities) and tartar (calculus) analysis. Then after our death, should our
skeletal remains be donated for scientific inquiry, researchers can conduct metric and non-metric
investigations.
For researchers in dental anthropology, one form of analysis on dentition from an
osteological collection would be examining defects in tooth development known as enamel
hypoplasia. This developmental deficiency occurs during the enamel-building process. It appears
as a thin band on the anterior surface of the tooth where the enamel is less thickened throughout
the tooth width, indicative of childhood malnutrition or other developmental stressors (Hillson
2005). Additionally, an instrumental study in bioarchaeological or paleopathology contexts is the
engagement in sophisticated applications of cutting-edge science with a simple scrape at the
cementoenamel junction (CEJ) and the space between teeth, known as the interproximal or
interdental space, for calculus buildup. Calculus can provide data for stable isotopic analyses of
breastmilk proteins and even be the biological material needed to study patterns of childhood
dietary consumption (Choy et al. 2010; Tsutaya et al. 2015). The human oral microbiome
comprises a community of bacteria and biomolecules, including dietary DNA and proteins
(Wright et al. 2021), that can tell scientific stories of diet and dental conditions.
Furthermore, intersectional work between biological anthropology and epidemiology
studies can advance dental health studies within contemporary populations. Such is the aim of
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this thesis, which endeavors to be an evaluative study that is specific in scope and holistic in
design. This and other quests to supplement clinical applications of dental care alongside the
principles of anthropological praxis are worth adding to the value of inclusivity of historically
underrepresented or understudied communities. There is much to study in contemporary dental
anthropology, with inquiries that go far beyond enamel modification and occlusal surface wear.
Teeth are a true marvel for biological anthropologists. Through careful investigation,
biological anthropologists can gain insights into our shaped evolutionary past and even connect
inequalities in modern socio-cultural oral care practices with the social factors that lead to those
inequalities. Examining dental samples from a human osteology collection can inform inquiries
concerning donor individuals' oral-systemic health, nutritional intake, and diet composition then
hypothesize those conditions within a living population of similar temporal environments. All of
which may lead to a better understanding of specific disease patterns in each community.
With these considerations in mind, this study evaluates multiple components. The first is
a review of established osteology collections nationwide to identify a pattern in the repository
content. Do these institutions that house the osteology collections aim for a particular expression
to the types of bodies they provide for scientific analysis? How many of these collections are
historical and contemporary in conformation? Specific to this study is narrowing osteological
collections containing Asian individuals with dentition.
Next is a broad stroke of archaeological findings that display dental care and pain relief
attempts that led to our modern and technologically advanced materials to achieve the same
goals. Then comes an evaluation of dental disease's dietary causes and the socioeconomic
determinants for adequate and consistent dental health and oral care. Lastly is a declaration of the
importance of ethically diversifying biological anthropological studies, particularly concerning
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Asian American and Pacific Islander communities starting with the social efforts in
destigmatizing organ and body donor after-death options.
In reviewing the Osteological Collections section of the Forensic Anthropology Society
of Europe (FASE) website (2021), osteology collections can be selected based on temporality
preference and are distinguished by a color system where green represents a collection consisting
of individuals who were born after 1920. Purple represents those collections with individuals
born before 1920. Orange is designated for “[i]dentified collections of uncertain temporal status”
(2021). Hardly exhaustive, the following list (Table 1.1) uses terms such as ‘specimen’ or
‘sample’ as described by the institution for the types of human skeletal material contained therein
and represents all listed osteological collections in the US amassed for public or private research
as identified by FASE, Bethany M. Usher, Ph.D. (Paleodemography: Age Distributions from
Skeletal Samples 2005), and others as identified by the author. Most of these collections contain
human remains of individuals who had died during the late-1800s to mid-1900s, often by the
county coroner without next of kin information.
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Table 1.1 List of osteological references collections in the US.
Compiled from Forensic Anthropology Society of Europe1 (2021), BM Usher Reference Collection2 (2005), and independent review of
anthropology departments at various state universities3 (2021).

Collection name

Institution

Location

The University of the
Atkinson Collection1, 2 Pacific, Arthur A. Dugoni

Founded in the 1960s by orthodontist Spencer
San Francisco, CA

School of Dentistry
Biological

American Museum of

Anthropology

Natural History

Description

R. Atkinson. The Atkinson Collection consists
of 1500 crania of known sex and age.

New York, NY

Collection1

The collection includes 250 skeletons of known
age from NYU Medical School.
A complete set of osteological documentation is

Bioarchaeology
Collection1

New York State Museum

Albany, NY

available for research with corresponding
human skeletal remains from archaeological
sites in New York State.

Brush-Bolton

Case Western Reserve

Collection2

University

Cleveland, OH

Children, age ranges not specified.

Gainesville, FL

Collection of forensic cases.

Baton Rouge, LA

Collection of forensic cases.

CA Pound Human
Identification

University of Florida

Laboratory1, 2
FACES Laboratory

Louisiana State

Collection2

University

5
Florida Atlantic

Florida Atlantic

University Collection1

University

Boca Raton, FL

Collection of forensic cases.

Tennessee, TN

Collection of forensic cases.

Forensic
Anthropology Data

University of Tennessee

Bank1, 2
The George Huntington Collection contains

Department of
George Huntington

Anthropology, National

Collection1

Museum of Natural

>3600 incomplete skeletons from 1892 to 1920.
Washington, DC

New York City residents), and cause of death

History

Hamann-Todd
Osteological
Collection1
Hamilton County
Forensic Center
Donated Collection1

Age, sex, ancestry (either White immigrants or

are known.

Department of Physical
Anthropology, Cleveland
Museum of Natural

Cleveland, Ohio

Contains over 3000 skeletons. Comprehensive
digital database is also available.

History
Hamilton County
Forensic Center

As of 2005, the collection contained 67
Chattanooga, TN

identified complete skeletons from forensic
cases.

Human
Developmental

National Museum of

Anatomy Center

Health and Medicine

(HDAC)2

Washington, DC

Fetal, Civil War, forensic and pathological
specimens.
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Department of
Human Skeletal

Anthropology,

Biology Lab1

Appalachian State

<40 complete human skeletons from forensic
Boone, NC

excavations of historic cemeteries.

University
Johns Hopkins Fetal

Cleveland Museum of

Collection2, 3

Natural History

cases in NC or through purchase and

Cleveland, OH

112 fetal specimens. 49 (43.8%) are female and
63 (56.3%) are male (Ridley 2002).
The collection consists of pubic symphyses, and
the fourth rib ends from 408 males and 196

Maricopa County
Forensic Science
Center3

females, ranging in age from 18 to 99 years.
Maricopa County
Forensic Science Center

Phoenix, Arizona

Individuals classified by the medico-legal
system at the FSC as Asian (n=4), Black (n=20),
White (n=573), and Native American (n=7)
were represented in the sample (Wenner-Gren
Foundation 2021).

Maxwell Museum

Maxwell Museum of

Documented Skeletal

Anthropology, University

Collection1

of New Mexico

Maxwell Museum

Maxwell Museum of

Prehistoric Native

Anthropology, University

American Collections1 of New Mexico

Albuquerque, New

Contains 330 skeletal segments as of 2021.

Mexico

Ages at death range from fetal to >80 years.
Prehistoric Native American remains collected

Albuquerque, New

from archaeological sites in New Mexico and

Mexico

surrounding areas. All the remains are registered
per NAGPRA, and some repatriations have been
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completed. Most of the currently housed
remains were excavated before 1960.

Montague Cobb
Collection1

Department of Sociology
and Anthropology,

Founded in 1932-1969. The Montague Cobb
Washington, DC

Howard University

African American descent.
The New York African Burial Ground

The New York
African Burial

Collection contains 732 individuals. 83% are of

Howard University

Washington, DC

Ground Collection1

Collection consists of skeletal samples of
enslaved Africans and Afro-Americans from the
17th and 18th centuries.
The collection consists of 235 individuals ages

Morphology

American Museum of

Collection2

Natural History

New York, NY

30-80s. Cadavers are from NYU Medical
School, Long Island Medical School, and the
Cornell Medical School.
The Mütter Museum has more than 3,000

Mütter Osteological
Collection1

The Mütter Museum

Philadelphia, PA

osteological specimens in its collections
demonstrating examples of the public health
concerns of the 19th century.

National Museum of
Health and Medicine
Skeleton Collection1

National Museum of
Health and Medicine

Multiple collections including Civil War
Washington, DC

Skeletal Collection, Indian Wars Collection,
Forensic Anthropology Collection.

8

The Osteological
Laboratory1, 2

The Osteological Laboratory reference
University of Utah

Salt Lake City, UT

collection includes complete and fragmentary
skeletal remains for instructional purposes.

Osteology and

Department of

Teaching Research

Anthropology, Vanderbilt

Lab1

University

Nashville, TN

Medical human skeletons and dental elements.

Cataloged at 25,000 specimens in 1956, the
collection represented the ordinary cases of
arthritis, caries, necrosis, tuberculosis,
Palmer Osteological

Palmer College of

Collection3

Chiropractic

osteomyelitis, osteomalacia, lordosis, kyphosis,
Davenport, IA

and scoliosis exostosis, ankylosis, trauma, and
congenital malformations. However, specimen
identification information was lost over 20+
years ago. In 1997, the remains of Native
Americans were repatriated per NAGPRA.

Peabody Museum
Osteological
Collection1

Peabody Museum of
Archaeology and
Ethnology, Harvard

Contains unspecified skeletal remains from
Cambridge, MA

around the world. Demographics are unknown.

University

Research collection of

Department of

human skeletal

Anthropology, University

material1, 3

of Pittsburgh

Pittsburgh, PA

Extensive collections of casts of fossil primates
and skeletal material.
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This collection consists of 1728 individuals with

Robert J. Terry
Anatomical Skeletal
Collection1

dates of birth ranging from 1822 to 1943—the

Department of
Anthropology, National
Museum of Natural

age at death ranging from 16 to 102 years. The
Washington, DC

demographics are white male (n=461), black
male (n=546), white female (n=323), black

History

female (n=392), Asian male (n=5), and an
individual of unknown origin (n=1).
This collection is composed of around 1100

Department of
Stanford Collection1

Anthropology, University

individuals that initially served as cadavers for
Iowa City, IA

of Iowa

anatomy classes at Stanford University Medical
School. Birth dates range from the mid to late
1800s.

Suchey Public

California State

Collection1, 2

University, Las Angeles

Trotter Collection2

Washington State
University

Los Angeles, CA

Skeletal remains of 1225 autopsied individuals.

Pullman, WA

More than 133 fetal skeletons

Department of
U-Iowa Stanford
Collection1

Anthropology and the
Office of the State
Archaeologist, University
of Iowa

1,100 individuals amassed in the first half of the
Iowa City, IA

1900s from individuals born in the mid to late
1800s.
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William F.

Department of

McCormick

Anthropology, University

Collection1

of Tennessee, Knoxville

Composed of over 900 specimens (hyoids,
Knoxville, TN

clavicles, and portions of crania with gunshot
wounds) from known individuals gathered from
East Tennessee Medical Examiner autopsies.
Over 1800 individuals with birth years ranging

William M. Bass

Department of

Donated Skeletal

Anthropology, University

Collection1, 2

of Tennessee, Knoxville

from 1892 to 2016. The collection covers
Knoxville, TN

individuals of both sexes and all adult ages. The
collection includes a small number of infant and
fetal remains (n=42) and cremains (n=47).

William M. Bass

Department of

Forensic Skeletal

Anthropology, University

Collection1, 2

of Tennessee

Consists of skeletal remains from over 100
Knoxville, TN

forensic cases from the 1970s to the present.
Contains a variety of types of traumas.

Wister Institute of
Anatomy and
Biology2

Private Collection

Philadelphia, PA

All age ranges.
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Of the 36 collections listed, only four are contemporary either in part or as a whole: The
Maxwell Museum of Anthropology Human Osteology Collection at the University of New
Mexico, Albuquerque; the Hamilton County Forensic Center Donated Collection; the WM Bass
Donated Skeletal Collection at the University of Tennessee, Knoxville; and the Mann-Labrash
Osteological Collection at John A. Burns School of Medicine (JABSOM) in Honolulu, Hawaii.
At the same time, the following three collections have Asian samples: the Maricopa County
Forensic Science Center in Phoenix, Arizona (n=4); the Atkinson Collection at the University of
the Pacific in San Francisco, California (n=6); and the Mann-Labrash Osteological Collection
(n=+/-100 crania, n=+/-9 skeletons).
There is apparent neglect in the attention to skeletal material from a curatorial perspective
and the scientific literature focusing on Asian populations in the US. This issue is further
evidence based on a bibliometric survey of academic journal articles since 2016 (n=793), where
88% of papers included a comparison of ‘other’ groups to White-derived populations (Go et al.
2021). Furthermore, 79% of those papers were by White authors (Go et al. 2021). This can
perpetuate the foundational history of anthropology with its role in practicing scientific racism.
This thesis aims to fill the gap by diversifying population studies in US osteology collections
using a holistic approach to anthropological analysis, including citing authors and researchers
from the Global South.
Two collections with dental remains of individuals of Asian descent in California and
Hawaii were selected for this study to achieve this objective. Although impressive in size, the
Atkinson Collection lacks the representation of Asian populations (Table 1.2). For example, the
Atkinson Collection consists of six crania of Asian descent (Pollock 1969) of the 1500 crania in
their vault. The Mann-Labrash Osteological Collection at John A. Burns School of Medicine
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(JABSOM) in Honolulu, Hawaii, consists of 220 crania and 19 complete skeletons with
approximately 50% (Mann and Labrash2020) of Asian (Japanese, Korean, Chinese, Vietnamese,
Hawaiian, and Filipino) descent.

Table 1.2 Human osteology collections in the US with Asian dentition samples.
Collection Name

Institution

Atkinson Collection

University of the Pacific

Mann-Labrash Human

John A. Burns School of

Osteological Collection

Medicine

Location
San Francisco,
California
Honolulu, Hawaii

Specimens
n=6
n=+/-100
crania

The path to a qualitative analysis of the Asian remains from the Mann-Labrash
Osteological Collection involves several components of dental anthropology. This thesis will (1)
provide a historical overview of dental restoration practices relating to function and pain relief
from archaeological evidence, followed by a description of modern dental restoration types, (2)
describe tooth development, its structural anatomy, and studies of tooth eruption patterns, (3)
breakdown the two main culprits to oral pathology: dental caries and periodontal disease, then
conclude with (4) a discussion of the importance to diversifying osteological collections and
donor programs for comprehensive studies on understudied groups.
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2

EARLY EVIDENCE OF DENTAL RESTORATIONS AND MATERIALS

I pray thee, peace. I will be flesh and blood,
For there was never yet philosopher
That could endure the toothache patiently,
However, they have writ the style of gods
And made a push at chance and sufferance.

Leonato, Much Ado About Nothing: Act 5, Scene 1

Throughout the history of humankind, humans applied ingenuity to replace missing (as a
result of trauma or due to advanced presence of pathologies) or diseased teeth in vitam by way of
dental restorative techniques in various forms. Alleviating dental pain has roots in ancient
history, and archaeological evidence worldwide demonstrates that drilling, filling, and bridging
were implemented on decayed teeth. The following dental restorations are ordered alphabetically
based on material type to highlight some of the remarkable earliest known evidence of the
practice of dentistry with the application of preservation techniques and restoration materials.
2.1

Amalgam
In ancient China, practicing dental extractions were documented as early as 6000 BC (Xu

and MacEntee 1994). According to Xu and MacEntee (1994), dentistry techniques were
practiced and taught during the Golden Period of the Chinese medical development era. Included
with those techniques was the use of arsenic to “treat” (Zhao and Zhao, 2009, 90) dental caries
and the time-honored practice of acupuncture for pain relief. In the classic early Chinese medical
book, Nei Ching, the Yellow Emperor, Huang Ti is attributed as the first to develop the methods
of oral disease diagnosis (Veith, 1949). Those oral diseases were divided into three categories:
fong ya (inflammatory conditions), yak an (diseases of soft tissue), and chong ya (dental decay)
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(Xu and MacEntee, 1994). In a contemporary context, chong ya can be translated as “wormtooth” (Houston 2004, 253), which has roots in ancient folklore as the culprit to excruciating
dental pain. Referenced in medical texts written by Su Kung in 659 AD (Xu and MacEntee,
1994), the ancient Chinese progressed beyond “crushed garlic pills, animal bones and excrement,
herbs, and acupuncture” (Kezian 2020, 10) to combining a metal mixture of tin and mercury to
develop the first amalgam fillings during the Tang Dynasty (Hyson 2006). We recognize these
silver fillings in our mouths today, although materials have been updated out of concern of lead
poisoning.
As for preventative dental care, daily practices were documented during the Sui Dynasty
(581–618 CE). Scholar and imperial physician Chao Yuanfang is credited for authoring various
texts, including Yang Seng Fang (Needham and Gwei-djen, 1962), in which Chao Yuanfang
writes, “Early in the morning gnash (or rub) the teeth, and then they will not decay. After eating,
always wash out the mouth several times; if this is not done, the teeth will go rotten and give
much trouble” (462). Chao Yuanfang and others authored treatises described as a Daiye Period
(605–618 CE) authoritative compilation of medical theories, concepts, and knowledge (Liang et
al. 2016, 2). Furthermore, Liang et al. (2016) state that these treatises consist of the earliest
descriptions of clinical diseases and meridians, or energy channels also known as qi.
2.2

Gold wire
Midcentury medico-history publications (Weinberger, 1946; Leek, 1967) described the

presence of hieroglyphics on Egyptian tomb steles (1946) and wooden paneling (Figure 2.1) that
depict ancient Egyptian specialization in dentistry from 3000 to 525 BC. The earliest practitioner
was Hesi-Ré, “Chief or Great One of the Toothers and the Physicians” (Weinberger 1946, 188).
Hesi-Ré is mainly known from those inscribed steles on which his title was Wer-ibeh-seniw or
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“Great one of the ivory cutters” (Leek, 1967, 55) to which he would be recognized as the earliest
named dentist to practice dentistry apart from medicine.
Throughout the modern history of the dental profession and its continued tales of origin,
the story of Hesi-Ré was first mentioned by German archaeologist Hermann Junker (Weinberger
1946; Leek 1967) then supported further through the findings of German Egyptologist Hermann
Ranke (Weinberger 1946; Leek 1967). In 1929, Junker published the details of the human
remains he excavated at Giza. Those works included dental evaluations made by another
Hermann, a Professor Hermann Euler at the Dental University Institute in Heidelberg in
Germany.
Professor Euler reported that the Phoenicians practiced sophisticated forms of dentistry,
influenced by their Egyptian contemporaries, and fixed together by bracing the lower-left second
and third mandibular molars with gold wire (Figure 2.1). This kind of dental intervention is a
practice that continues today with the bridging of teeth, using any variety of ceramics and
porcelain with the reinforcement of metal instead of gold. Additionally, because tartar (dental
calculus) was also present on the gold wiring, the procedure was likely performed on a living
individual (Weinberger 1946: 192) who would live long enough for their mouth to accumulate
calculus. This cement-like material encased parts of their teeth and the gold wire. As such, with
archaeological evidence and ancient Egyptian medical papyri depicting Egyptian dental
practitioners, scholars credit the specialty of dentistry as originating in Egypt.
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Figure 2.1 Phoenicians’ appliance wrapped around tooth found at Giza.
Gold wire wrapped around the cementoenamel junction of the second and third lower left molars
(Weinberger 1946, 190).

2.3

Human teeth
Those whose periodontal disease was so severe that the tooth had rotted away often

resorted to filling their empty sockets with extracted teeth from underprivileged peoples or from
cadavers who no longer had a use for them. In the 1700s, John Hunter, a farmer from Glasgow,
Scotland, was recruited by his anatomist brother working in London to help dissect cadavers as
they were in limited supply. Hunter and other skilled-for-the-trade people acquired corpses by
unearthing them from their graves, a shady job designated for “resurrectionists” (Evans 2007,
556). By doing so, Hunter would continue to dissect and further document the anatomy of the
human body, in particular the mouth and jaws. Hunter would hold a legacy in modern surgical
processes after transplanting a single “incompletely developed” (Abraham 2014, 51) human
tooth into the comb of a rooster. Over time, an extraordinary event occurred: the tooth became
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firmly embedded in the rooster's comb (Figure 2.2), and the blood vessels of the rooster grew
straight into the pulp of the tooth (Asbell 1988).

Figure 2.2 Transplanted human tooth embedded in the comb of a cockerel’s head.
Image courtesy of Royal College of Surgeons of England from John Hunter's collection in the
1770s.

2.4

Proto dentistry
Excavation of a cemetery in Mehrgarh, a Neolithic site in Baluchistan, Pakistan, revealed

over 300 burial sites (Jarrige et al. 1995, as cited in Coppa et al. 2006). Eleven molar samples
with apparent drilling holes on the occlusal surface were among the nine-adult human skeletal
remains excavated and analyzed. Although the spots were void of filling material by the time
Coppa and his team excavated the cemetery site, the drilling went deep within the dentin layer
and into the sensitive nerve-filled pulp chamber (Figure 2.3).
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Figure 2.3 The maxillary left second molar from the Mehrgarh site.
The researchers conducted a scanning electron micrograph (b) and a microtomographic threedimensional reconstruction of the tooth (c) to generate measurements for depths of the drilled holes on
the occlusal surface of the molar (Coppa et al. 2006). Photo courtesy of Nature Publishing Group (2006).

This may have been necessary to insert some malleable substance in a dental filling-type
manner. Drilling through dense material such as dental enamel with incredible precision may
have been possible through the skills of bead producers. In a procedure involving drilling in vivo,
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or drilling the teeth of a living person, known as “proto dentistry” (Coppa et al. 2006), attempts
to alleviate dental pain can be marked as far back as 9000 years ago.
2.5

Shell
The following sections will highlight archaeological sites where modified shell pieces

were found embedded within alveolar space, demonstrating implants’ purpose for form and
function.

2.5.1 Gebel Ramlah cemetery, Upper Egypt’s Western Desert
In 2000, archaeologists with the Polish Academy of Sciences discovered the Gebel
Ramlah cemetery during an archaeological excavation in the Western Desert of Upper Egypt.
Any associated artifacts and grave goods were radiocarbons dated to the fifth millennium BC
(Irish et al. 2004), assigning the site to the early Final Neolithic. Over three years, numerous
skeletal fragments were excavated while those deeply buried remained in situ. Of the many finds
at the cemetery between three burial sites, the most interesting is a “purposefully-carved object”
(Irish et al. 2004, 29) in the shape of a human maxillary central or lateral incisor. The human
tooth-shaped object was carved from a large mollusk species (Figure 2.4), suggesting a saltwater specimen from the Red Sea (Irish et al. 2004).
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Figure 2.4 Labial view of a human tooth-shaped object.
Note the recognizable tight layering associated with mollusk shells. Image courtesy of Irish et al.
in Dental Anthropology (2004).

2.5.2

Honduras

Archaeological findings exhibiting the implantation of a shell (Figure 2.5) to replace
diseased or missing teeth is represented by a mandible fragment with three implanted shell
valves. In 1931 while conducting botany research at Playa de los Muertos in Honduras,
agriculturist Wilson Popenoe and archaeologist Dorothy Popenoe unearthed a fragment of a
human mandible from a person of the 8th century AD. The mandible presented with individually
tailored cuneiform shell pieces embedded in the alveolar space of three of four lower incisors
(Pasqualini 2009). The researchers erroneously classified the procedure as a Mayan burial ritual,
thereby banishing the mandible to The Peabody Museum of Archaeology and Ethnology at
Harvard University, where it remained for decades.
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Figure 2.5 Eighth-century mandible.
Note the carved shell material in the alveolar space of the central and lateral incisor.
Image courtesy of Pietrzak (2008) for the Orthopedic Biology and Medicine book series.

Nearly four decades later, Brazilian dental professor Amedeo Bobbio analyzed the
mandible and noticed that bone had grown around the shells, which would indicate they were
implanted for both aesthetics and function (Ravanetti and Cacchioli, 2011). Further investigation
scientifically proved that the three unidentified mollusk shells were inserted into the bone during
life, making the ancient procedure “[r]adiographically similar to the one that would surround a
contemporary implant” (Bobbio 1973, as cited in Pasqualini 2009). The discovery is the oldest
known example of a xenograft when fragments of one species are implanted into another species
(Nature 2020). This process of bone and mollusk shells growing together is called
osseointegration, a process made possible due to the high biocompatibility of shell calcium and
the cellular makeup of the human bone.
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2.6

Tree bark soot
On the island of Palawan, Philippines, a burial site in the Duyong Cave dated to about

2660 BCE (Winters 1977) provided one of the earliest shown cases of teeth staining on human
dentitions. Teeth staining (Figure 2.6) was a cultural practice of beautification used to preserve
teeth.

Figure 2.6 Teeth staining on left maxillary incisors and canine.
Image courtesy of Atienza (2014) from the Pambansang Museo ng Pilipinas.

The local term for this process among the Mañgali-Lubo group is tubug and beasig for the
Lubuagan group (Zumbroich and Salvador-Amores 2011). Atienza (2014) described the staining
process as follows: “The material used is the black resinous substance from dried guava bark,
burnt and rubbed against the landuc or babalasigan, an iron implement where the substance is
accumulated. Before the subject retires, the black resinous substance is heated and rubbed with
the fingers on the teeth until they are entirely black” (48). As described by Zumbrioch (2011),
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teeth blackening using a paste made of a combination of plant materials and minerals is
documented throughout pre-colonial Asia, especially in Southeast Asia. Indigenous communities
of these geographic regions practiced teeth blackening as a process to improve their overall
health of teeth and gums (104), which would be their only method of oral health and hygiene.
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3

MODERN DENTAL RESTORATIONS AND MATERIALS

The following dental restorations are described for use in clinical applications for the
maintenance or redevelopment of the form and function of a patient’s oral cavity. The process of
installing or applying any of these restorations depends on thorough clinical examination and
diagnoses of periodontal conditions. Flowcharts (Sutthiboonyapan, Wang, and Charatkulangkun
2020) can also be referenced to the notation of periodontitis severity and the likely possibility of
progression.
3.1

Bridges
A dental bridge is one of the most common methods to fill a missing tooth (or teeth)

space. Traditional bridges involve creating a crown for the tooth or implant on either side of the
missing tooth, with a replacement tooth, known as a pontic, suspended on a fixed (permanent)
partial denture to fill the space. Not every tooth can accommodate the structural pressures
because those teeth should have long roots within the healthy and strong alveolar bone. The
subsections following describe the four types of bridges used in clinical dentistry.
3.1.1

Traditional bridges

Traditional dental bridges are the most common type of dental bridge. They are typically
manufactured of ceramic, porcelain, or gold materials. During a conventional dental bridge
procedure, the abutment teeth, or teeth adjoining the void (edentulous) space, are filed to
accommodate the application of a dental crown. Depending on how many teeth are missing
and the length of edentulous space, the durability of the supporting teeth and roots will
determine how many pontics will be placed, thus also how many abutment teeth are prepared.
Traditional bridges are durable, strong, and last a long time with proper care.
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3.1.2

Cantilever bridges

Like traditional bridges, the cantilever bridge is typically made of porcelain and is fused
to adjoining teeth with metal (Figure 3.2). Unlike conventional bridges, there is only a single
abutment tooth. Cantilever bridges are designated for use either when there is no tooth for the
bridge to adjoin or when the workable abutment tooth on one side is already associated with
another prosthetic restoration and cannot be substituted.
3.1.3

Implant-supported bridge

An implant-supported bridge substitutes multiple teeth locked permanently to dental
implants drilled into bone. The number of implants used to secure the bridge varies and is
dependent on individual needs. Still, a typical arrangement is like a traditional bridge where a
pontic is placed between two teeth, or in this case, dental implants.
3.1.4

Maryland bridge

Unlike the former bridge types, the Maryland bridge does not require an abutment tooth
(or teeth) to be prepared because the pontic adheres to the adjoining teeth’ buccal side (Figure
3.4). Maryland bridges are only as durable as the material bonding them to the teeth (Kravitz
2020). Also, because the masticatory process involves chewing, grinding, and gnashing,
Maryland bridges are typically reserved for incisal teeth where the bite force 1 is not as high as in
the premolars and molars.
3.2

Crowns
Dental crowns are restorations that cover the occlusal surface of a tooth. If tooth enamel

becomes cracked or is worn beyond the effect of fillings, a crown is placed to hold the tooth

1

According to studies on maximum bite force (MBF), peaks of MBF occur between the ages of 6 to 10
years of age when the third molar erupts. In the later part of life, after age 50, evidence suggests that MBF declines
due to bone loss and orofacial muscle degeneration (Takaki et al. 2014).
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together. Crowns are customarily indicated for teeth that have sustained significant loss of
structure or to replace missing teeth. Crowns may be placed on natural teeth or dental implants
(Academy of General Dentistry 2021). Dental crowns are permanent fixtures to the tooth and are
made of various materials. The following are the most common materials used in clinical
dentistry for a crown.
3.2.1

Lithium disilicate ceramics

Lithium disilicate ceramics is a relatively modern option and a popular material choice
for single-unit crowns due to its translucency. Despite that favorable trait, lithium disilicate
ceramics are not as long-lasting as other materials, with most failures such as wear and posterior
chipping occurring 5-10 years (Makhija et al. 2016) after being chemically bonded with adhesive
resin cement.
3.2.2

Metal

Several chemical elements can be used in dental crowns, including gold (Au), palladium
(Pd), nickel (Ni), and chromium (Cr). Metal crowns rarely break down or become damaged,
making them ideal to withstand the processes of mastication. Although they are long-lasting, the
glaringly noticeable metallic color is the main downside of this type of crown. Additionally,
mercury is a neurotoxin, and exposure is hazardous to pregnant women (Hyson 2006). Being the
most vital option (Makhija et al. 2016), metal crowns are a favorable choice for premolars and
molars, but aesthetics often become the priority of the wearer.

3.2.3

Porcelain-fused-to-metal (PFM)

This type of porcelain-capped dental crown has a more natural tooth color to match the
color of the remaining teeth. However, the metal used to fuse the crowns is visible as a thin but
dark line along the edge of the crown. Chipping of the porcelain is probable and can lead to
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complications, including replacing the porcelain portion only as the metal portion is less likely to
be damaged. According to the National Dental Practice-Based Research Network (2015),
preparative work for a PFM requires enamel filing to allow for at least “0.3 mm of metal coping
and 0.7 mm of veneering porcelain, and a minimum facial reduction of 1.2 mm” (3). Over time
with the natural effects of wear, if the tooth with the PFM is not aligned correctly, the contact
space can affect the overall form of the mouth when closed (Makhija et al. 2016). PFM dental
crowns can be ideal for restoring anterior and posterior teeth.
3.3

Fillings
Dental fillings are one of the oldest methods of salvaging tooth integrities in a living

tooth. Dentists use four primary fillings as a sealant to pits and fissures of the tooth crown. As is
the option for a crown, gold is a popular metal. It is long-lasting, up to 15 years (Logan and
Kronfeld 1933; Makhija et al. 2016) and is a moderately durable choice for one of the softer
metals used in dental restorations. Amalgams are a composition of metals, including mercury,
and hold the same preferences for use as gold but often require enamel removal to accommodate
the liquid alloy (Center for Devices and Radiological Health 2020). Amalgams also have a
distinctive blue-gray appearance in contrast to the hue of tooth enamel. Composite fillings can be
made to match the shade of the tooth, making this the preferred choice for its esthetics and do not
require much enamel to be removed but are reported to only last up to 5 years (American Dental
Association 2019). Lastly, ceramics or porcelain have the most extended duration of stability but
costs as much as gold fillings.
3.4

Implants

According to the American Academy of Implant Dentistry (AAID), dental implants
comprise an artificial root that resembles a screw and is surgically implanted into the alveolar
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bone. An abutment is used to stabilize the artificial tooth crown in place. A complete set of teeth
is valuable in the mastication process, but they also support the form and integrity of the face.
Empty tooth sockets can impact the facial structure by distorting proportions and general
characteristics unique to every individual. Dental implants are the leading advanced technique in
replacing missing teeth within the oral cavity with sufficient alveolar bone in the US and
internationally. For over 30 years, dental implants and technological improvements have made it
the ideal tooth replacement solution (Tamimi 2015). Dental implants replace any number of
missing teeth, singularly or in a row, as support (Tamimi 2015) to another dental fixture.
Implant-supported teeth fixtures (Todescan et al. 2012) not only feel, look, and function like
natural teeth, but they also preserve the integrity of the facial structure and improve the look and
function of the jaw.
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DENTAL ANATOMY

Humans are mammals with diphyodont dentition (Logan and Kronfeld 1933; Jernvall and
Thesleff 2012; Whitlock and Richman 2013; Irish 2015), meaning that only two sets of teeth,
deciduous and permanent dentition, are developed in a lifetime. All teeth can be classified as one
of the following: incisor, canine, premolar, or molar. The typical deciduous dental formula for
each mouth quadrant is 2 – 1 – 0 – 2 (Logan and Kronfeld 1933; Irish 2015), or two incisors, one
canine, zero premolars, and two molars. The typical permanent dental formula is 2 – 1 – 2 – 3
(Logan and Kronfeld 1933; Alt et al. 1988; Alt 1989; Scott and Turner 1997; Jernvall and
Thesleff 2012; Irish 2015) or two incisors, one canine, two premolars, and three molars.
The human tooth has three calcified tissues. The first is the somewhat translucent and
white enamel covering the crown and is the hardest substance in the human body (Scott and
Turner 1997; Nanci 2017) based on its cellular matrix. The next is dentin, yellowish in hue and
covers the crown under a layer of enamel and the root (Türp and Alt 1998) within the alveolar
bone. Last is the cementum that covers only the root portion of the tooth. The specialized
connective tissue (CT) is pulp within the pulp chamber. The pulp chamber, or pulp cavity, is in
the crown portion, while the pulp canal is in the root.
Small but mighty, the human tooth is a complex biological structure composed of
minerals, mainly calcium hydroxyapatite [Ca10(P04)6(OH)2] (Scott and Turner 1997; Antoine and
Hillson 2015; Tang et al. 2015; Nanci 2017). Throughout our lifetime, our teeth hold and
continuously gain a myriad of scientific data that can tell stories to researchers of childhood
nutritional deficiencies and reveal the chemical compounds that compose the foods of a regular
diet. The following sections will describe dental anatomy, which is defined here as but is not
clinically limited to a comprehensive review of tooth development and identifying each of the
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teeth in the human dentition.
4.1

Development and formation of deciduous dentition – embryotic stage:
Deciduous teeth are marveled at as the most extended developing organ (Barnova et al.

2020) in the body, taking years to develop, including several months in utero and continuing for
several years after birth. In a developing embryo, epithelial tissue lines organs while connective
tissue spans broader and throughout the body (O'Rahilly and Müller 2010). There are three
embryonic germ layers (Harris 2015): ectoderm, mesoderm, and endoderm. All dental
components are lined with ecto- and mesodermal layers.
During the first trimester of embryonic development, the lining of the stomodeum
(Auvenshine 2018; Honrado et al. 2018), or primitive mouth, is composed of epithelial tissue,
followed by mesenchymal tissue that will later develop to become several other connective
tissues such as bone, blood vessels, dentin, and cement (Hillson 1996).
4.1.1

Bud stage

Also occurring in week six, the proliferation of cells gives teeth enamel-producing
ameloblasts (Antoine and Hillson 2015). This localized production of cells in the dental laminae
forms round or oval swellings known as the tooth buds (Türp and Alt 1998; Harris 2015), which
grow into the mesenchyme then subsequently develop into the deciduous teeth. There are ten
tooth buds in the maxillae and 10 in the mandible, or upper and lower jawbones. The first tooth
buds are seen in the anterior mandibular region, later in the anterior maxillary region, then
posteriorly in both jaws (Türp and Alt 1998; Tucker and Sharpe 2004; Harris 2015).
Development occurs in successive stages. Furthermore, by the ten weeks after fertilization, the
tooth buds for permanent teeth are prominent in the dental laminae and continue for different

31
fetal periods. The tooth buds for the second and third permanent molars develop within the
lamina that extends posteriorly distally in the head.
4.1.2

Cap stage

The deep surface of each ectodermal tooth bud becomes invaginated by mesenchyme
called the dental papilla (Türp and Alt 1998; Tucker and Sharpe 2004; Harris 2015), which gives
rise to the dentin and dental pulp. The ectodermal takes on a cap-shaped appearance that covers
the dental papilla known as an enamel organ (EO) (Türp and Alt 1998; Tucker and Sharpe 2004;
Harris 2015) and will produce the future enamel of the tooth. The ectodermal enamel organ
consists of four distinct cellular layers. The thin outer membrane is called the outer enamel
epithelium (OEE). The inner lining is the inner enamel epithelium (IEE). The stratum
intermedium (SI) is needed to lay down enamel while the cell region between the OEE and IEE
is called the stellate reticulum (SR) and acts as cushioning. As the enamel organ and dental
papilla continue to form, the surrounding dental mesenchyme condenses into the dental sac,
forming the cementum and periodontal ligament (Türp and Alt 1998; Tucker and Sharpe 2004;
Harris 2015) of the tooth.
4.1.3

Bell stage

As invagination of the enamel organ continues, the structural appearance is now bellshaped. The dental mesenchymal cells in the dental papilla further transform into odontoblasts in
the mesoderm, producing and depositing predentin (Tucker and Sharpe 2004; Harris 2015), later
calcifying into dentin. Ameloblasts in the ectoderm were formally the IEE but are now taller and
cuboidal in shape (Harris 2015). As cells secrete, dental tissue is laid down; odontoblasts start
the process by laying down dentin, thus triggering ameloblasts that build enamel and both create
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the crown beginning the formation at the cusp and progresses, in development, to the future root
(Tucker and Sharpe 2004; Harris 2015) all separated by a basement membrane.
4.1.4

Late bell stage

After the enamel and dentin are well along in development on the crown, the roots begin
to form at the neck of the tooth or the cementoenamel junction (CEJ). The inner and outer
enamel epithelia merge at the CEJ and form the epithelial root sheath, beginning the root's
formation (Tucker and Sharpe 2004; Harris 2015; Tang et al. 2015). The inner cells of the dental
sac form cementoblasts (Tucker and Sharpe 2004; Harris 2015; Tang et al. 2015), which
produce cementum and is deposited over the root dentin and meet the enamel at the CEJ
(Antoine and Hillson 2015). The odontoblasts are initiated in the pulp chamber and survive
healthy teeth, whereas ameloblasts die after the tooth is formed. The tooth cannot regenerate
enamel once the enamel has worn down or is impacted by external stimuli such as trauma or
dental disease such as caries. As teeth development completes its generation process, so begins
the ossification process of the jawbones, where each tooth is held in a place of the alveolus by
the periodontal ligament.
4.2

Development and formation of deciduous dentition – fetal stage:
The genesis of our pearly whites within the dental laminae develops while in the fetal

stage during the second trimester, or 14 – 16 weeks after fertilization (Hillson 1996, 121; White
et al. 2012, 385; Adserias-Garriga 2019, 77). During this period, the first deciduous incisor takes
shape, then by week 18, the second deciduous incisor, and the canine by week 19 (Hillson 1996,
121). Moving on to the molars, the onset of the first deciduous molars occurs near week 15,
followed by the second molars after 18-19 weeks from fertilization (Kraus and Jordan 1965, as
cited in Hillson 1996, 121). The dentin and enamel matrix proceeds in a genetically influenced
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fashion (Liversidge et al. 1998) as dictated by dental epithelial cells and dental mesenchyme
tissue to develop horizontal incisors, conical canines, and cusped molars. The sedimentation of
the dentin cells becomes enrobed with enamel cells sealing in dentin tissue which will then
become the highly vascularized (Tucker and Sharpe 2004; Harris 2015) pulp chamber of the
tooth.
4.3

Development and formation of permanent dentition
The molars of permanent dentition are not preceded by deciduous molars, meaning that

their tooth germs do not develop as similarly described for the other deciduous dentition. As the
jawbones extend in size, the dental lamina beneath the lining epithelium burrows posteriorly in
the oral cavity. This epithelial extension allows for developing the first, second, and third
permanent molars over a significant timeframe, between week 20 in utero for the first molar and
six years after birth. (Nanci 2017). The permanent dentition cycle begins with the first permanent
molars, the shedding of the deciduous incisors, and the emergence of the permanent incisors
(Ubelaker 1989; Christensen et al. 2014). This process is triggered by the onset of permanent
tooth root growth, and as they erupt, the roots of deciduous teeth will resorb into the alveolus.
The completed permanent dentition consists of 32 teeth if none are congenitally missing, which
happens in incidences known as agenesis and is frequently noted in the third molar crypts.
4.4

Tooth identification
The typical dental formula for permanent teeth is 2 – 1 – 2 – 3 (Table 4.1). The two

incisors are flat and bladelike with a single root. The maxillary incisors develop as broad crowns,
and the central incisors are wider than the laterals, whereas the mandibular incisors have narrow
peaks with wider laterals. The one canine tooth is conical in shape with a pointy tip and single
root. The maxillary canine has broad crowns than the mandible, narrower in size. Wrapping over
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to the two single-rooted premolars, which have two cusps: buccal (cheek) and lingual (tongue).
The maxillary premolars have similar cusps, and the mandibular premolars are more prominent
on the buccal side. The formula ends with three molars, each with large, square-shaped crowns
ideal for chewing and grinding foods during the mastication process. The maxillary molars have
three roots and four cusps, and the mandibular molars have two roots and five cusps. Variation to
the presence and root structure of the third molar is not atypical if the tooth buds were not
developed or the roots can be twisted or fused.
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Table 4.1 Tooth identification.
Formula

Type

2

Incisors

1

Canines

2

Premolars

3

Molars

4.5

Maxillary

Mandibular

Broad crowns

Narrow crowns

Wider central incisors

Wider lateral incisors

Broad crowns

Narrow crowns

Cusps are similar in

Buccal cusp is larger

size

Lingual cusp is smaller

Three roots

Two roots

Four cusps

Five cusps

Tooth numbering systems
Clinical dentistry applies the following three types of numbering systems for precisely

notating and evaluating the presence, absence, and condition of teeth in their patients. In 1968,
the American Dental Association endorsed the use of the “universal” system, although,
ironically, it is not used globally today.
4.5.1

Palmer Notation Numbering System

The primary dentition divides the mouth at the midsagittal plane and upper and lower
jaws from left to right. It was initially called the Zsigmondy system after an Austrian dentist
developed it in 1861. Each tooth is classified by the first 20 letters of the alphabet, A-T (Figure
4.1), starting with “A” at the maxillary right second molar, “B” for the first molar, “C” for the
right canine, “D” through “G” for the incisors, “H” for the left canine, “I” for the left first molar
and “J” for the maxillary left second molar. Then drops down to “K” for the mandibular left
second molar and follows the maxilla formula instead of the letters “L” through “S” and ending
at “T” for the mandibular second right molar (Khan et al. 2020).
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The permanent dentition follows a similar formula; however, single-digit numbers “1”
through “8” are used with an L-shaped symbol to identify the mouth quadrant. In the upper right
quadrant tooth, number “1” is the central incisor, and “2” is the lateral incisor. The numbers
continue to the right and posteriorly to tooth number “8”, the third molar. The same is repeated
for each quadrant of the opposite side (Brinkley and McKinley 2004). An L-shaped symbol is
used to distinguish each quadrant. For example, the right-side-up L denotes the upper right
quadrant.

Figure 4.1 Palmer system for numbering mouth quadrants.
Primary dentition (above) and permanent dentition (below).

4.5.2

Universal Numbering System

This numbering system is the most frequently used of those dental practitioners in the US
today (Grace 2000; Khan et al. 2020). Tooth number “1” is the most posterior tooth on the right
side of the maxillae. The numbering continues in succession along with the maxillary teeth
toward the anterior aspect of the dental arch, then wraps around to the posterior molar of the left
maxillae and is labeled number “16”. The system continues by dropping down to the mandibular.
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Tooth number “17” is the most posterior tooth on the left side of the mandible, making the most
posterior tooth on the right-side number “32”. All teeth are numbered and notated in the
universal numbering system (Figure 4.2). If an individual is missing any of the four third molars
due to extraction or agenesis, the next visible tooth will be marked as present using the number
assigned in the system.

Figure 4.2 Universal Numbering System for permanent dentition.

4.5.3

Federation Dentaire Internationale Numbering System (FDI)

The Federation Dentaire Internationale Numbering System (FDI) (Figure 4.3) is the most
internationally recognized system worldwide. It operates using a two-digit system, and each
quadrant is given a number. For example, the left maxillary quadrant is assigned number “1”,
marking each tooth with the following number from “1” through “8” (i.e., 18, 17, 16, 15, 14, 13,
12, 11). The right maxillary quadrant is assigned number 2 then follows the same 1 through 8
orders. The process is repeated for the mandibular dentition.
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4.5.4

Human skeletal dental inventory

Anthropologists often use a dental identification system that differs from clinical
dentistry. There is no need to maintain patient records or monitor disease progression in a
tooth. A standard method in anthropology is to label teeth according to category and number;
“I” for incisor, “C” for canine, “PM” for premolar, and “M” for molar; superscript numbers
referring to the tooth in the sequence indicate upper and subscript lower; “R” and “L” would tell
right or left side, respectively. The small case represents the deciduous dentition. For example, a
maxillary left second premolar would be noted as LPM2.

Figure 4.3 FDI two-digit tooth numbering chart for permanent dentition.
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5

DENTAL DISEASE

Now that the development process of the crown and the root is complete, the threat of
dental disease becomes more likely. This is particularly true when severe dental attrition destroys
the enamel on the incisal and occlusal surfaces, leaving them more vulnerable dentin as the only
defense against disease. However, tooth decay can occur in the absence of extreme dental wear.
Before the development of agricultural societies, tooth decay was not a common problem for
hominins from the prehistoric ages (Fuss and Böhme 2018). Even though dental caries is an
ancient affliction that is not a condition exclusive to humans (Humphrey et al. 2013), progressive
dental disease affects the dental health of modern society worldwide. The more advanced we
become as a society that relies on industrialized food sources, the more susceptible enamel is to
degradation.
5.1

Neolithic revolution
Evolutionary biological anthropologists propose that 800,000 years ago, early humans

developed skills like building fires to cook animal meat. This milestone in human evolution
became an essential tool in consuming food. The mastication of raw, tough animal protein
gradually reduced our dental arch, but those evolutionary forces persist, as evident in the
development of the third molars. For hundreds of thousands more years, meat consumption and
climate changes increased brain size and social interaction. Then, 12,000 years ago, during a
period known as the Neolithic revolution, humans in southwest Asia made the dramatic shift
from a nomadic existence to a more sedentary lifestyle, a central factor to permanent settlements
(Blakemore 2019) over the course of the thousands of years before the Christian era (Fussell
1966). These early farmers domesticated the first crops of cereal grains such as emmer wheat
(Blakemore 2019), barley, lentil, pea, chickpea, and flax (Weiss and Zohary 2011), all of which
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are native to the Fertile Crescent (Weiss and Zohary 2011) and neighboring regions in the West
and Southwest Asia. Neolithic populations throughout the Fertile Crescent, a part of West Asia,
independently developed farming from the Persian Gulf to northern Egypt (Callaway 2016).
Based on extensive archaeological evidence, biology, and archaeobotany from the region,
multiple origins of agriculture can be found in Europe, northern Africa, East Asia, and the
Americas. Human subsistence patterns increasingly became more reliant on agriculture and
animal domestication. A dietary change that introduced more varied foodstuffs and increased
carbohydrate intakes directly correlates with increased dental caries and tooth decay (Pezo and
Eggers 2012). So, although foods became more refined and easier to eat, which reduced the
likelihood of dental wear, concentrations of dietary sugars (Giacaman 2018) affected the enamel
durability leading to a higher frequency of dental caries.
5.2

Industrial Revolution
Large civilizations were established due partly to the strength of their agriculture

(Horrigan et al. 2002). This prosperity became the primer to the industrialization of eastern
United States starting in 1790, then spreading to the Midwest 1840 (Meyer 2003). The
revolutionary agricultural developments and processes involved in farming in the United States
began with developing the four-field crop rotation (Craig 1999). This involved rotating wheat
and barley crops in one field every year. Next was farm enclosure, which is, as it sounds,
privatizing land. Selective breeding of livestock on private land produced meats and animal furs
of higher quality. Lastly, the triangular plow was patented by Joseph Foljambe in 1730 (Fussell
1966). Although plowing was commonly used by farmers of the Neolithic Age (Fussell 1966), it
was only after the Industrial Revolution that the plow, now triangular, became most helpful in
farming on enclosed land. The increasingly carbohydrate-ridden diet of humans over the past
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12,000 years from heavy reliance on cereal crops combined with cheap and readily available
sugar during the past few hundred years has wreaked havoc on the dentition.
5.3

Dental disease–A global problem
According to the World Health Organization (2020), the leading oral conditions resulting

in the limitation of health and function include dental caries, periodontal diseases, oral cancers,
and oro-dental trauma, among a few others. Most of these listed oral conditions are largely
preventable by maintaining oral hygienic practices while also implementing a dietary intake that
reduces the proliferation of enamel eroding bacteria and, if treated with professional intervention
in their early stages, can avoid irreversible damage. However, those guidelines can be difficult to
impossible to follow for any number of personal or social reasons.
The Global Burden of Disease Study (2017) estimated that dental caries of permanent
teeth is the most common oral pathological condition (Marcenes et al. 2013; Kassebaum et al.
2017). When the Global Burden of Disease was first started in the early 1990s, there were an
estimated 2.5 billion cases to a staggering 3.5 billion by 2015 (Kassebaum et al. 2017; Marcenes
et al. 2013; GBD 2015). A study by the Institute for Health Metrics and Evaluation (IHME)
(2016a) suggested the “prevalence rate for oral cancer, oral diseases, and other disorders by
sociodemographic index (SDI) status for both sexes and all age ranges” is elevated (Dye 2017,
362). Reports by the IHME equate untreated dental disease as a distributed global affliction due
to an “epidemiologic transition” (Institute for Health Metrics and Evaluation 2016b, as cited by
Dye 2017, 361). Such an epidemiologic transition occurs when levels of economic developments
are improving but can often increase the prevalence of chronic diseases, with oral disease ranked
as one of the top 10 (Dye 2017) worldwide. Lest dental disease overcomes us, not only with our
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chewing ability but, perhaps even worse, the appearance of our smile, there are advancements to
dentistry should you be lucky enough to afford it.
5.4

Dental disease as defined in anthropology
Professor of bioarchaeology at the University College of London, Simon Hillson (2005)

simplifies dental disease by stating the following:
Disease is part of ecology. It represents the impact of the environment and the
body's reaction to it. This makes disease a very useful source of information in
archaeology. 'Environment' is used here in its widest sense. It may involve physical
factors such as temperature and humidity, but it also involves other animals and plants. A
major way in which the environment impinges is in the form of food. Diseases of the
teeth reflect much of what is in the diet. Teeth are in direct contact with all the foodstuffs
entering the mouth, but most dental diseases are related to interactions between diet and
the microorganisms in the mouth.

The biological nature of dental microbial flora (Hillson 2005) and the interactions that
lead to the onset of dental disease in our mouths will only briefly be addressed in this study. The
proceeding dental diseases, caries and periodontitis, are most important from an anthropological
standpoint. They are described here as the focal points pertinent to the sample set.
5.4.1

Caries

Caries results from the progressive chemical dissolution of the dental tissues (Nikita
2017). Also known as a cavity, the first sign on its appearance is an opaque white or brown spot
on the enamel. Over time, the cavity will increase in size until it reaches the dentinoenamal
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junction, which will eventually progress to the tooth's root. Fermenting carbohydrates and sugars
is often the cause of such an erosive reaction to the enamel.
Two acidogenic microorganisms are primarily found in the oral cavity, causing caries
(tooth decay) in the dentition. The first is Streptococcus mutans, a Gram-positive, facultative
anaerobe (Forssten et al. 2010), and the second is Lactobacillus acidophilus (Turner II and Scott
1988, 113). This bacterium produces acids that allow permanent adhesion to the plaque on the
tooth surface, allowing them to thrive on the consumption of the existing carbohydrates of the
mouth. Among the most common diseases worldwide are dental caries and dental plaque, both
caused by a mixture of microorganisms and food debris. Specific types of acid-producing
bacteria, especially Streptococcus mutans, colonize the tooth surface and cause damage to the
enamel in the presence of fermentable carbohydrates, such as sucrose and fructose. Without daily
maintenance and regular professional treatment, deep caries forms to dissolve enamel (Hillson
1996) and then advance to the pulp chamber, a stage of dental decay three to four years in the
making.
5.4.2

Periodontal disease

As periodontal (Greek roots peri-, around and odontos, tooth) disease progresses, the
bacterial group within the oral cavity changes and advances in its enamel destructing manner.
The persisting inflammation and disease progression destroy the periodontal tissues and loss of
alveolar bone. Due to these compromising conditions, teeth start gradually drifting mesially in
the dental arch, resulting in malocclusions or the misalignment of teeth during mastication
resulting in poorly chewed food. If left untreated, periodontal disease may ultimately result in
tooth loss (Hajishengallis 2014). Other factors not within the scope of this thesis include inherent
genetics, immunodeficiency, systemic diseases (e.g., diabetes), smoking (Nociti et al. 2015), and
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poor diet (Hajishengallis 2014). Unmistakably, limited access to dental care can predispose an
individual to an increased susceptibility to the disease.
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6

METHODOLOGIES

This study analyzes dental disease and its effects on teeth and the recession of alveolar
bone as found among individuals of Asian descent within the Mann-Labrash Osteological
Collection. Initially, the purpose of this study was to conclude that wear of the occlusal surface,
or chewing surface of the tooth, is less present in a contemporary Asian population as related to
present dietary textures being more refined and less coarsely textured, a contrast from foodstuffs
before the industrialization of agriculture. A preliminary analysis of the sample-set was prepared
for the degree of dental wear following techniques by B. Holly Smith (1984) and Eugenie C.
Scott (1979), and carious lesions (Moore and Corbett 1971: 157) as modified by Jane Buikstra
and Douglas Ubelaker in Standards for data collection from human skeletal remains (1994)
using the Dental Inventory Recording Form. Supplemental to the initial hypothesis was a review
of sociocultural literature related to oral health disparities in Asian populations.
However, once arriving at the Mann-Labrash Osteological Collection and upon the initial
examination, it became strikingly evident that dental wear was hardly an issue in this
contemporary skeletal collection for two reasons. First, the evidence of enamel sealants filling
the carious lesions on most occlusal tooth surfaces obliterated cusp features makes them
impossible to differentiate between life-long dental wear or as the result of clinical preparation.
Second, the more noticeable restriction to dental wear examination was in many cases; the tooth
was completely missing as a terminal effect of disease or trauma. Still, as expected, carious pits,
often deep and effacing of a posterior tooth cusp, were highly present on occlusal surfaces and
tooth roots. Most surprising was the high degree of modern dentistry restoration types such as
bridges and implants. Thus, for discrete expression analysis, the researcher chose to assess the
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sample group for the presence or absence of five restorative types, including bridges, crowns,
fillings, implants, and veneers.
As such, the purpose of this study is to conduct descriptive and frequencies analyses of
the sample population for the presence or absence of dental restorations to determine which sex
cohort will have higher incidences of modern dental restoration types as a response to tooth
decay caused by dental disease or unspecified trauma. The researcher expects all individuals in
the female cohort to present a higher frequency of dental restorations, specifically bridges and
implants, as associated with the social expectations of beauty and having a visually perfect dental
facade. In comparison, the male cohort would display a higher frequency of dental disease and
trauma with fewer dental restoration practices beyond maintenance of carious lesions with
various filling types.
These hypotheses are based on factors associated with maintaining social normality on
physical aesthetic features, especially in the US and increasingly so among beautification
shoppers in China and India (Otto 2017). The surge in appeal to acquire and maintain modern
cosmetic dental features can be bookmarked in American history during the 1980s. Mary Otto,
leading oral health topic writer for the Association of Health Care Journalists, explains that
“fashion, mass media easy credit, marketing, and the popularity of elective surgical procedures
of all kinds” (15) were the driving forces for the boom over the past three decades. According to
Dental Economics (2002), dental practices tout cosmetic dentistry, including tooth-whitening
procedures, and nearly 80% of dental practices offer this service.
Additionally, a selection of dental pathological conditions is reviewed as addressed by
Pilloud and Fancher (2019) in their article published in Dental Anthropology titled, “Outlining a
Definition of Oral Health within the Study of Human Skeletal Remains.” Therewithin, the
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authors urge for the usage of “dental disease and pathological conditions of the oral cavity”
(Pilloud and Fancher 2019, 3) instead of oral health (Pilloud and Fancher 2019) when dealing
with human skeletal remains whose standard of living and welfare are not known or documented.
This study will apply the term dental disease following Pilloud and Fancher.
The data herein consists of descriptive statistical analyses of 76 body donors of Asian
descent at the Mann-Labrash Osteological Collection for evidence of various types of restorative
treatments. Only macroscopic evaluations of dental restorations and appliances were conducted
on-site then off-site by photographic examination due to the constraints of time granted for lab
access implemented at the University of Hawai’i, Manoa, as mandated by the Center for Disease
Control (CDC) related to the COVID-19 pandemic. Periodontic measuring tools were not owned
by the author nor applied in this study. The methodology follows a scoring system of 1 through
3. A “1” will indicate the presence of the select dental restoration or appliance. A “2” will show
no evidence of dental treatment, but the complete tooth, including crown and root, is present.
And finally, “3” will mean that the tooth space is edentulous.
For a tooth to be scored as “1” as present, the tooth would have to display any evidence
of the described dental restoration. In cases where fillings were too closely matched to the
occlusal surface of the tooth, the buccal or lingual aspect was scored. Not to be confused for the
presence of a restoration, “2” was assigned where the entire tooth was present and secure in its
alveolar space. This included both crown and root. Lastly, teeth scored as “3” for edentulous
required that the tooth space be void of any enamel or root portions. A missing tooth was scored
as a “3” except for a “1” under the select restoration that applies. Additionally, a “3” was scored
for antemortem tooth loss, as was the case for specimen numbers MMC115, MMC165,
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MMC190, MMC191, and MMC212, all of which all had loose teeth associated with the sample
but were not attached to the alveolar bone.
6.1

The University of Hawai’i Willed Body Program (UH WBP)
As of March 25, 2021, the Willed Body Program (WBP) informational website describes

the Body Donation Program (BDP) at the University of Hawai’i, John A. Burns School of
Medicine (UH JABSOM), as a program with an emphasis on obtaining Anatomical Gift
Donations (cadavers) solely for educational and scientific study (2020). The program offers
potential donors, or the donor’s families, the opportunity to preregister 2 with the WBP as the
initial step in the intake process of an anatomical donation. Every separable donation contributes
to the greater understanding and skill enhancement of “medical and health-related science
students” (Willed Body Program) at JABSOM.
The need for anatomical donations is immeasurable throughout medical science. Still,
each structural element of the donor is treated with the utmost respect and care, as is intensely
practiced at UH JABSOM. Unique to the WBP, “each year, to show their appreciation to the
donors and their families, medical students and staff participate in a Memorial Service to honor
these ‘silent teachers’” (2020). As described by Stacy Lenze, assistant director at the UH WBP,
the Memorial Service is offered to body donors who request for their ashes to be scattered at sea 3
after one year of service as a ‘silent teacher’ at JABSOM. Conversely, following the
establishment of the Mann-Labrash Osteological Collection in 2019, a revision to the donor
registration paperwork offers an optional record for a donor to opt to be a part of the Permanent
Donation. The Permanent Donation document acknowledges that the university has the right to

2

As of September 27, 2021, UH JABSOM released a press notice stating that the WBP will stop accepting
and processing Anatomical Gift Donation applications as of October 1, 2021, due to the ongoing COVID-19
pandemic.
3
Māmala Bay, Honolulu, Oahu, Hawai’i, in the Pacific Ocean.
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permanently keep any parts of the body deemed as being of long-term educational value. The
donor family can still get cremains back if they choose that option.
The sea burial option is a native Hawaiian ritual involving scattering cremated remains.
The cremains are taken to sea in a wa’a, a traditional outrigger canoe (Figure 6.1), to be blessed
then released into the water. The Willed Body Program's honored tradition shows gratitude to the
‘silent teacher’ and their family members.
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7

MATERIALS

The Mann-Labrash Osteological Collection inventory was cataloged in Microsoft Excel
format and was available for evaluation courtesy of the Willed Body Program assistant director,
Stacy Lenze, via email receipt. The dataset included seven variables: age at death, sex, ethnicity 4,
cause of death (COD), notable features, skull available, complete skeleton available. For
purposes of this analysis, only age, sex, and self-reported population affinity (Ross and Williams
2021) were evaluated. These three variables were relabeled accordingly 5 for descriptive and
frequency percentages.
The entire collection consists of 238 donors. Between the sexes, 46.2% were female
(n=110) and 53.8% were male (n=128). The youngest donor was 21 years old, while the oldest
was 107 years old at the time of donation. The most common age at donation was 83, making up
for 4.2% (n=10) of the collection. There were twenty-three full skeletons with an additional two
hundred individual skulls making up 93.7% of the collection, plus another two skulls with
associated pelvises. Of the individual specimens, there were two pelvises, one right arm with
corresponding clavicle and scapula, and an unconnected left arm with corresponding clavicle and
scapula from a different individual. Nine individual skulls were cataloged in the inventory list.
However, they were not included in this study because they were still in queue to be processed or
were utilized in unrelated studies, such as two individuals whose skulls were disarticulated then
assembled in the Beauchene method as teaching skulls.

4

The term ethnicity was used on the Anatomical Gift Donation registration form to identify the
individual’s ancestral origin as determined by self-identification before death.
5
To avoid racial terminology and side with descriptive population affinity, certain terms were updated at
the author’s discretion (e.g., Caucasian was replaced with White).
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As previously stated, seventy-six of the 238 individuals were selected based on their selfreported ancestry of East Asian, Southeast Asian, Asian American, and Pacific Islander descent.
Asians and Pacific Islanders include people of Asian, Asian American, or Pacific Islander
descent who trace their origins and identities to the countries, states, or diasporic communities.
Regarding native donors, the researcher elected to include those individuals in this study who
self-reported their ancestry as Hawaiian (n=4) and multi-ethnic Hawaiian (n=14), Samoan (n=1),
and Micronesian (n=1). This decision was based on the collective purpose of the Willed Body
Program, which is for use in medical studies and skeletal analyses, and the Mann-Labrash
Osteological Collection consists of a diversely unique sample population.
The sample group (Table 7.1) encompasses a diverse population affinity as reported by
each donor during registration to the WBP. There are four ancestral groups with the highest
totals. The largest group accounting for 15.1% of the collection are the Japanese (n=35),
followed by the Chinese (n=6), then the Korean (n=5), and Hawaiian (n=4). The remaining fifty
in the group are of self-reported mixed Asian ancestry. Between the sexes, 47.4% were female
(n=36) and 52.6% were male (n=40). The youngest donor was 31 years old, while the oldest was
100 years old at the time of donation. There are two modes for age at donation. The youngest age
was 68, and the oldest was 90, each making up for 6.6% (n=5) of the collection. There are nine
full skeletons, five are male, and the remaining four are male. One donor (MMC214) had only a
skull and pelvis associated with the inventory.
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Table 7.1 List of populations for each self-reported ancestral group.
n=

%

Burmese

1

0.40%

Chinese

6

2.50%

Chinese, White, Native American

1

0.40%

Chinese, Hawaiian

3

1.30%

Chinese, Japanese

1

0.40%

Filipino

1

0.40%

Filipino, White

1

0.40%

Hawaiian

4

1.70%

Hawaiian, Chinese, White

2

0.80%

Hawaiian, Chinese, Spanish

1

0.40%

Hawaiian, White

2

0.80%

Hawaiian, White, Filipino, Japanese

1

0.40%

Hawaiian, Filipino, Chinese

2

0.80%

Hawaiian, Portuguese

1

0.40%

35

15.10%

Japanese, English

1

0.40%

Japanese, White

1

0.40%

Japanese, French

1

0.40%

Japanese, Okinawan

1

0.40%

Korean

5

2.10%

Korean, Japanese, Hawaiian

1

0.40%

Micronesian

1

0.40%

Okinawan

1

0.40%

Samoan

1

0.40%

Vietnamese

1

0.40%

Japanese
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7.1

Dental inventory
Completing a dental inventory of the sample population accounted for all the individual

teeth and edentulous spaces for evaluation. Of 76 adult donors where all 32 permanent teeth
would have erupted, there would be 2432 individual teeth for assessment. However, there was a
total of 1597 teeth that were evaluated for this study and 835 cases of edentulism (Table 7.2).
The following is a summary of the totals of present teeth, present restorations, and total cases of
edentulism between the sex cohorts and the maxillary and mandibular dentitions.
The collective quantity of maxillary dentition was 763 and 834 for mandibular dentition.
Of the present maxillary dentition, 349 were female, and 414 were male. Of the present
mandibular dentition, 425 were female, and 409 were male. The total present teeth for females
were 774, and the total present teeth for males were 823. This initial quantification allowed for
the accurate assessment of the sample dentition, creating a big picture of the prevalence of dental
disease and the restorations. In the category of restoration types, there were a total of 694
between the sex cohorts and each mouth quadrant. The total present restorations of the maxillae
were 395, while 299 were present in the mandible. Between the total restorations, the female
cohort presented with 327 while the male cohort presented with 367 total. The female cohort had
a total of 185 maxillary and 142 mandibular restorations, and the male cohort had a total of 210
maxillary and 157 mandibular restorations. Lastly, in the category of edentulous tooth sockets,
453 teeth were absent from the upper dental arch, of which 227 were from the female cohort and
226 from the male cohort, and 382 from the lower dental arch, with 152 missing from the female
cohort and 230 from the male cohort. Together, there are 856 missing teeth, with 374 coming
from the female cohort and 456 from the male.
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These totals were graphed into stacked columns for frequency in values then input to R
Statistical Software courtesy of Georgia State University’s Research Data Services (RDS). In the
following descriptive and frequency statistical analyses, photographs taken by the author of
human skeletal material are presented for demonstrative purposes. Everyone showcased displays
a remarkable example of dental restorative types for progressive dental disease. All elements of
the human skeleton that were handled during this study were done so with care and respect. It is
the responsibility of the author to uphold ethical practices when working with human remains,
and it is expected that all readers follow the same principle when viewing these images.

Table 7.2 Dentition inventory totals.
MMCID#

Maxillary (n=)

Mandible (n=)

Total teeth (n=)

Missing (n=)

MMC005

14

11

25

7

MMC008

3

7

10

22

MMC009

13

15

28

4

MMC026

10

12

22

10

MMC027

13

11

24

8

MMC031

14

15

29

3

MMC036

7

11

18

14

MMC038

13

13

26

6

MMC050

12

11

23

9

MMC051

10

14

24

8

MMC055

8

0

8

24

MMC059

13

12

25

7

MMC064

12

12

24

8

MMC070

13

14

27

5

MMC072

14

16

30

2

MMC077

10

11

21

11

MMC079

12

14

26

6
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MMC082

15

14

29

3

MMC083

14

14

28

4

MMC090

5

12

17

15

MMC097

10

14

24

8

MMC100

12

14

26

6

MMC102

14

14

28

4

MMC103

12

12

24

8

MMC104

12

11

23

9

MMC106

12

12

24

8

MMC109

7

1

8

24

MMC110

13

8

21

11

MMC111

7

10

17

15

MMC113

16

14

30

2

MMC115

14

13

27

5

MMC118

15

15

30

2

MMC120

8

11

19

13

MMC122

7

12

19

13

MMC126

9

6

15

17

MMC133

0

8

8

24

MMC134

8

5

13

19

MMC135

6

0

6

26

MMC138

14

14

28

4

MMC139

3

13

16

16

MMC140

11

10

21

11

MMC145

12

10

22

10

MMC150

2

8

10

22

MMC151

7

11

18

14

MMC155

11

15

16

16

MMC158

13

14

17

15

MMC159

10

11

11

21

MMC161

11

8

19

13
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MMC162

14

12

26

6

MMC165

9

14

23

9

MMC168

12

14

26

6

MMC170

14

14

28

4

MMC177

14

15

29

3

MMC180

11

13

24

8

MMC181

13

13

26

6

MMC183

11

10

21

11

MMC189

14

14

28

4

MMC190

12

11

23

9

MMC191

10

4

14

18

MMC192

14

14

28

4

MMC193

4

9

13

19

MMC194

10

13

23

9

MMC201

9

12

21

11

MMC204

7

6

13

19

MMC205

0

0

0

32

MMC206

10

8

18

14

MMC209

0

10

10

22

MMC210

6

14

20

12

MMC212

5

13

18

14

MMC214

14

14

28

4

MMC218

0

0

0

32

MMC221

14

15

29

3

MMC232

13

10

23

9

MMC234

10

14

24

8

MMC238

0

4

4

28

MMC239

12

11

23

9

Totals

763

834

1597

835
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7.2

Maxillary dentitions
The following subsections are results for the maxillary dentition. There are total scores

for each permanent maxillary dentition for bridges, crowns, fillings, implants, and veneers. Each
tooth will be labeled with a capital letter “R” for the right side of the dental arch and an “L” for
the left side. Images of crania are included for examples of related prostheses.
7.2.1

Bridges

Maxillary bridges (Figures 7.1 & 7.2) are found in the following teeth: RM2 (n=1), RM1
(n=3), RPM2 (n=2), RPM1 (n=2), RI2 (n=4), RI1 (n=4), LI1 (n=5), LI2 (n=5), LPM1 (n=1),
LPM2 (n=3), LM1 (n=3), and LM2 (n=1). The female cohort presented with a higher frequency
of bridge restoration (n=19) than the male cohort (n=15). The tooth with the highest occurrence
of a bridge in the female cohort is LI2 (n=4) and is RM1 (n=3) in the male cohort. The tooth
most often missing for males is RM3 (n=37) which is two fewer than females (n=35). The tooth
most often missing for females is LM3 (n=36) which is one less than females (n=35). These
missing third molars will be the same throughout the entire analysis of maxillary dentition.
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Figure 7.1 Individual (MMC180) with a custom-designed maxillary bridge for cleft
palate.
Image by M.B.R.McCarthy (2022).

59
MAXILLARY BRIDGES
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Figure 7.2 Total maxillary bridges, total present teeth, and edentulous teeth.
Stacked columns highlight quantity for each tooth.
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7.2.2

Crowns

Maxillary crowns (Figure 7.3 & 7.4) are found in the following teeth: RM2 (n=14), RM1
(n=16), RPM2 (n=13), RPM1 (n=10), RC (n=11), RI2 (n=10), RI1 (n=10), LI1 (n=10), LI2
(n=10), LC (n=10), LPM1 (n=12), LPM2 (n=14), LM1 (n=13), LM2 (n=13). The female cohort
have more crowns in RM1 (n=10) than males (n=6), while males have more crowns in LPM2
(n=10) than females (n=4).

Figure 7.3 Individual (MMC232) with left PFMs and a gold-capped crown.
PFM crowns seen on M1, PM2, PM1, C, and I2. Gold-capped crown on M2. Image by
M.B.R.McCarthy (2022).
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MAXILLARY CROWNS
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Figure 7.4 Total maxillary crowns, total present teeth, and edentulous teeth.
Stacked columns highlight quantity for each tooth.
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7.2.3

Fillings

Maxillary fillings (Figure 7.5 & 7.6) are found in the following teeth: RM2 (n=12), RM1
(n=21), RPM2 (n=20), RPM1 (n=18), RC (n=6), RI2 (n=2), RI1 (n=4), LI1 (n=4), LI2 (n=4), LC
(n=4), LPM1 (n=18), LPM2 (n=14), LM1 (n=25), LM2 (n=19), and LM3 (n=2). The male cohort
has equal amounts of bilateral fillings in M1 (n=13) while LM1 (n=12) had the most fillings in
the female cohort. The male cohort had 2 individuals with intact M3 with fillings.

Figure 7.5 Individual (MMC005) with amalgam and ceramic fillings
Amalgam fillings seen on RM1, PM2, PM1, LC, LPM1, LPM2, LM1, and LM2. Also, ceramic
fillings seen on RPM1, RC, LI1, LI2, and LC. Image by M.B.R.McCarthy (2022).
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MAXILLARY FILLINGS
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Figure 7.6 Total maxillary fillings, total present teeth, and edentulous teeth.
Stacked columns highlight quantity for each tooth.
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7.2.4

Implants

Maxillary implants (Figure 7.7 & 7.8) are found in the following teeth: RPM1 (n=1), RC
(n=1), RI2 (n=1), RI1 (n=2), LI2 (n=2), LPM1 (n=1), LPM2 (n=2), LM1 (n=1), and LM2 (n=1).
Both sex cohorts had equal amounts of dental implants (n=6).

Figure 7.7 Individual (MMC170) with right incisal implants.
Also present is a PFM crown on the right maxillary canine. Image by M.B.R.McCarthy (2022).
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MAXILLARY IMPLANTS
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Figure 7.8 Total maxillary implants, total present teeth, and edentulous teeth.
Stacked columns highlight quantity for each tooth.
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7.2.5

Veneers

Only one individual had maxillary veneers. The veneers of the male donor were applied
to the following anterior teeth: RC, RI2, RI1, LI1, LI2, and LC, as seen in the image below
(Figure 7.9). Also present were dental implants in LPM2, LM1, and LM2.

Figure 7.9 Individual (MMC036) with incisal veneers.
Image by M.B.R.McCarthy (2022).
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7.2.6

Synthesis of data analysis

In the maxillary dentition, the female cohort (Table 7.3) had a total of 19 bridges
(5.44%), 83 crowns (23.78%), 77 fillings (22.06%), 6 implants (1.72%), and zero (0%) veneers.
In the male cohort (Table 7.4), there were 15 bridges (3.62%), 84 crowns (20.29%) 99 fillings
(23.91%), 6 implants (1.45%), and 6 veneers (1.45%). Between the two sex cohorts, the females
had 1.82% more bridges, 3.49% more crowns, and 0.27% more implants than males. However,
the males had 1.85% more fillings and 1.45% more veneers. Based on these percentages, the
female cohort had more types of dental restorations than the male cohort.
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Table 7.3 Female maxillary restoration totals.
M3

M2

M1

PM2

PM1

C

I2

I1

I1
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C
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PM2
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0
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0
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0

0
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6

3

4

6

7

5

6

5

5
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0

83

Fillings

0
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8

9

6

5

2
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1

2

3

7

5

12

10

0
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Implants

0

0

0

0

1

1

0

1

0

1

0

1

1

0

0

0

6
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

n=

0
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18
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9

13

8
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13

21

16

0
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Table 7.4 Male maxillary restoration totals.
M3
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M1

PM2
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C

I2

I1
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C
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PM2

M1

M2

M3

n=
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0

1

3

1

0

0

1

2

2

1

0

1

0

2

1

0
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0

6

6

7

7

7

4

4

5

4

5

7
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5
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0
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0
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1

4

3
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9
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0
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0
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1

1

1

1

1

1

0

0

0

0

0
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9
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18
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7.3

Mandibular dentitions
The following subsections are results of the mandibular dentitions except for veneers

because there were none to catalog. There are total scores for each permanent mandibular
dentition for bridges, crowns, fillings, implants, and veneers. Each tooth will be labeled with a
capital letter “R” for the right side of the dental arch and an “L” for the left side. As done with
the maxillary dentitions, images of crania are included for examples of related prostheses.

7.3.1

Bridges

Mandibular bridges (Figures 7.10 & 7.11) are found in the following teeth: RM1 (n=2),
RPM2 (n=4), RPM1 (n=1), RI1 (n=2), LI1 (n=1), LI2 (n=1), LPM1 (n=1), LPM2 (n=1), LM1
(n=3), and LM2 (n=1). The female cohort had bridges in RPM2 (n=4) and in LM1 (n=3), which
were the teeth with the highest amount of bridge restorations between the two sex cohorts.
7.3.2

Crowns

Mandibular crowns (Figure 7.12) are found in the following teeth: RM2 (n=17), RM1
(n=25), RPM2 (n=10), RPM1 (n=7), RC (n=3), RI2 (n=3), RI1 (n=1), LI1 (n=2), LI2 (n=1), LC
(n=6), LPM1 (n=5), LPM2 (n=13), LM1 (n=17), LM2 (n=11). The female cohort have more
crowns on RM1 (n=16) than males (n=9), and on also had crowns on the incisal teeth while the
males only had it on RI2 (n=1).
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Figure 7.10 Individual (MMC104) with right mandibular bridge.
Notice the crowns on RPM2 and RM3 with the pontic in place of M1. Image by M.B.R.McCarthy
(2022).
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MANDIBULAR CROWNS
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Figure 7.12 Total mandibular crowns, total present teeth, and total edentulous teeth.
Stacked columns highlight quantity for each tooth.
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7.3.3

Fillings

Mandibular fillings (Figures 7.13 & 7.14) are found in the following teeth: RM3 (n=4),
RM2 (n=14), RM1 (n=19), RPM2 (n=12), RPM1 (n=9), RC (n=3), RI2 (n=2), RI1 (n=4), LI2
(n=3), LC (n=3), LPM1 (n=13), LPM2 (n=14), LM1 (n=19), LM2 (n=21), and LM3 (n=2). The
male cohort had fillings in all teeth, including both M3s, but they were absent in the LI1, just the
same as for the female cohort.

Figure 7.13 Individual (MMC070) with a combination of filling types in the mandible.
Image by M.B.R.McCarthy (2022).
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Figure 7.14 Total mandibular fillings, total present teeth, and total edentulous teeth.
Stacked columns highlight quantity for each tooth.
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7.3.4

Implants

Mandibular implants (Figures 7.15 & 7.16) are found in the following teeth: RM3 (n=4),
RM2 (n=14), RM1 (n=19), RPM2 (n=12), RPM1 (n=9), RC (n=3), RI2 (n=2), RI1 (n=4), LI2
(n=3), LC (n=3), LPM1 (n=13), LPM2 (n=14), LM1 (n=19), LM2 (n=21), and LM3 (n=2). The
male cohort had implants in all teeth except for both M3s. The male cohort had two more
implants in RM1 compared to the zero (n=0) in the female cohort. While the female cohort had
twice as many implants in the LM1 than the male cohort.

Figure 7.15 Individual (MMC005) with a full set of mandibular implants.
Image by M.B.R.McCarthy (2022).
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Figure 7.16 Total mandibular implants, total present teeth, and total edentulous teeth.
Stacked columns highlight quantity for each tooth.
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7.3.5

Edentulism

There was a total of 835 missing teeth. Between the two sex cohorts, the males had more
edentulous teeth (n=457) than the female cohort (n=378). There were two individuals with
complete edentulous dentition, and they were both from the male cohort (Figure 7.17 & 7.18;
7.20 & 7.21).

Figure 7.17 Edentulous individual (MMC205) with severe maxillary periodontal
recession.
Image by M.B.R.McCarthy (2022).
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Figure 7.18 Edentulous individual (MMC205) with severe mandibular periodontal
recession.
Image by M.B.R.McCarthy (2022).
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Figure 7.19 Edentulous individual (MMC218) with severe maxillary periodontal
recession.
Image by M.B.R.McCarthy (2022).
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Figure 7.20 Edentulous individual (MMC218) with severe mandibular periodontal
recession.
Image by M.B.R.McCarthy (2022).
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7.3.6

Synthesis of data analysis

In the mandibular dentition, the female cohort (Table 7.5) had a total of 13 bridges
(3.06%), 77 crowns (18.12%), 48 fillings (11.29%), 4 implants (0.94%), and zero (0%) veneers.
In the male cohort (Table 7.5), there were 4 bridges (0.98%), 44 crowns (10.76%) 94 fillings
(22.98%), 15 implants (3.67%), and zero veneers (0%). Between the two sex cohorts, the females
had 2.08% more bridges and 7.36% more crowns than males. However, the males (Table 7.6)
had 11.69% more fillings and 2.73% more implants. Neither sex cohort had veneers. Based on
these percentages, both sex cohorts had two different types of restorations, but the male cohort
had the greatest percentage margin for dental fillings.
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Table 7.5 Female mandibular restoration totals.
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Table 7.6 Male mandibular restoration totals.
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7.4

Chi-square tests
A Chi-square test of independence was performed utilizing R statistical software for these

data to determine the statistical differences between the prevalence of restoration type in each
tooth between sex cohorts. Of the myriad of variables, the majority of the 160 test results were
statistically insignificant. However, it should be noted that a p-value < 0.05 does occur in three
cases leading to the confidence in stating that the observed relationship is not just due to chance,
but that there actually is a relationship between sex and that restorative type on these particular
teeth (Table 7.7). The first such case of a relationship shows that females are more likely than
males to have a bridge restoration in the mandibular right second premolar, X2 (2, N=76) = 6.7, p
<.03478. Next, males are more likely than females to have a crown restoration in the mandibular
left second incisor, X2 (2, N=76) = 6.2, p <.04322. Likewise, males are more likely than females
to have a veneer in the same tooth, the mandibular left second incisor, X2 (1, N=76) = 4.0, p
<.04484. Through exhaustive macroscopic evaluation and computation, the restorative
techniques present were assessed, and incidences analyzed among Asian American and Pacific
Islander body donors. Although statistically sound conclusions cannot typically be made when
there are less than five incidences, in this sample population, there probably is an association
between sex and restoration in RPM2 and LI2.
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Table 7.7 Presentation of results with p <0.05 from Chi-square analysis.
The subscript indicates that the tooth was from the mandible.

Tooth

Sex

RPM2

F
M

Bridge

4
0

Tooth is
present, no
restoration
25
25

LI2

F
M

Crown

1
0

LI2

F
M

Veneer

0
0

Restoration
type

Restoration
is present

Tooth is
missing

X2 (df)

p

7
15

6.7172 (2)

0.03478

33
30

2
10

6.2831 (2)

0.04322

34
30

2
10

4.0246 (1)

0.04484
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8

DISCUSSION

According to Otto (2017), oral microbiomes continue to be a focal theory in scientific
discussions between physicians and dentists in the ways that “oral diseases may relate to
systemic diseases” (84). Regardless of these debates, it cannot be refuted that the mouth operates
at the primary stage of nutritional intake and that teeth serve as drivers to the masticatory process
through tearing, biting, and chewing foodstuff. However, it is the human biological
metabolization of and response to food consumption that can be divided into categories to parse
out the clinical care a person receives, whether it be medical for systemic conditions or dental for
oral disease and tooth decay. Nonetheless, inflammatory responses to disease that become
symptomatic require the expertise of specialized professional intervention.
8.1

Access to oral health services
In most low- and middle-income countries, with increasing urbanization and changes in

living conditions, the prevalence of oral diseases continues to grow. Dental diseases, including
dental caries and periodontal diseases, have amplified in pervasiveness globally by an average of
45.6% since 1990 (Arora et al. 2016). According to studies on South Asian immigrants’ oral
healthcare practices (Batra et al. 2019), migrants from lower-economic countries, also known as
the Global South, who migrate to high-income countries such as the UK, US, Canada, and
Australia are also known to be at risk of poor oral health. The prevalence of periodontal disease
is high in some countries, reaching up to 50% of the population (Dye 2012; Eke et al. 2015).
Chronic periodontitis has been listed as the sixth most prevalent disease in the global burden of
oral conditions (Marcenes et al. 2013). To be poor in America, which includes living in the rural
parts, or to be a person of color, significantly increases the chances that one’s teeth will be
disregarded as a priority, and often will result in tooth loss from inadequate dental care,
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according to a 2000 report by the U.S. Department of Health & Human Services. Furthermore,
the National Association of Dental Plans (2018) reported that 130 million people in the United
States had no dental insurance in 2012, which requires the establishment of free clinics and
services nationwide. According to Mary Otto (2017), both Medicare and Medicaid provide
minimal (this includes radiographs and tooth extractions) to no oral health coverage depending
on the state. Even with the enactment of the federal Affordable Care Act in March 2010,
Medicaid dentists are hard to find, and hundreds of millions of Americans continue to go without
dental insurance (Patient Protection and Affordable Care Act 2010; Otto 2017, 172). In contrast,
dental coverage is designated as “essential health benefits” (125) for pediatric patients only
(Medicare 2017). Oral health education is not comprehensively taught to medical students as
training starts from the “tonsils south” (85). Because of this degree of separation, dental care for
the public is often left off policy building and national legislatures.
Access to dental care, luxury treatment for many Americans but critical to overall general
health (Zavras 2014; Otto 2017), was evident in this sample based on the prevalence of
expensive dental treatments like implants and bridges. These restorations are designed to salvage
the oral cavity's overall form and function, impacting facial features. Preserving the quality of the
mastication process is an important consideration when facing the detrimental effects of dental
disease. However, there is no doubt that modern society holds high expectations of individuals to
participate in the visual appeal of its people. Mouths are prominent features to our faces that
leave lasting first impressions. A mouth affected by dental maladies can decline confidence,
social activities and may even impact employment opportunities. Dental diseases that interfere
with one’s confidence can detrimentally affect how they operate in society; there are more
serious concerns to consider. Poor oral health disorders can influence an individual’s health and
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are associated with systemic conditions like obesity and stroke (Zavras 2014). Nonetheless,
periodontal disease with abscesses or oral cancers can be life-threatening.
8.2

Dental coverage across America
In applying the methodology of dental anthropology in a biocultural context, this study

highlighted the importance of furthering research on Asian groups, an understudied demographic
group in skeletal collections, mainly to expand and explore interdisciplinary social and health
science connections. Additionally, there is a critical need to acknowledge the importance of
awareness of living or deceased organ donation to AAPI communities nationwide. Nonetheless,
there is a critical need for dental coverage across America, particularly for those who are poor or
are people of color. For adults who do not have dental care, that can act as a lasting burden that
leads to decayed or missing teeth that reduce employability in a competitive job market, so
lessening the opportunity to find employment that might offer dental coverage to treat dental
health issues.
8.3

Esthetics
There is no question that there are extreme societal pressures on expectations of beauty

by having a visually perfect dental facade. It is not unusual for a smile with irregular teeth to be
met with a sort of uneasiness at first impression, either as the wearer or the viewer. Otto (2017)
explains that cosmetic dentists consider the anterior maxillary teeth—right canine to left
canine—as the teeth of most social and esthetic importance. Dentists who took the Hippocratic
Oath to service the health of our teeth by way of drilling and filling our troublesome teeth are
increasing, serving the demand for bleaching and veneering “off-the-shelf smiles” (12). This has
driven the field to develop more sophisticated technology that will appease the needs of
customers who desire perfect teeth at the price tag of costly jewelry.
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9

ORGAN AND BODY DONATION OPTIONS

Do you know what will happen to your body after you die? Some people do, some people
do not. Most people may not want to think about it. Our physical being will be disposed of in one
of two ways, either by burial or cremation within our society. However, a third option—one that
is not quite readily considered—is a donation. Organ or body donation is a tremendous thought
to bear but a commendable option to consider. One can register with an organ donor registry or
even donate their whole body to science in this choice. The medical value to whole body
donation provides researchers with immeasurable data on various aspects of human health. For
example, skeletal collections act as a supplemental resource to textbooks and lectures while
providing an opportunity for medical students and researchers to observe unique human skeletal
variation through hands-on examination. Universities are often where body donation programs
are established where willful participants register for their bodies to be donated for scientific
analyses after death.
9.1

Historical overview of osteology collections in anthropology
The early history of American anthropology has roots in 1700-1800s studies of anatomy.

This period was pre-Darwinian in theory, so evolutionary principles were largely absent.
Because of this, the science was emphatic on categorizing humans by races based on visual traits
allowing for a typological approach or bias for European form and type. The colonial race theory
followed a pre-evolutionary metaphor (Rigato and Minelli 2013), placing all beings and nonbeings on a hierarchical path known as scala naturae (the great chain of being). The theorization
of the hierarchy of humans was a driving force in justifying the colonization, enslavement, and
mockery of black and brown people.
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The problems with the typological approach are many, but mainly because it does not
attempt to determine the relationship of one feature to another or the extent of intrapopulation
variation. The thought under typology is that if traits distinguish a population, it must be due to
racial groups. However, a racial approach in a racist context cannot explain the trait themselves
since traits follow a genetic legacy or respond to gene flow. Western race science inherently
aimed to categorize all humans as White and non-White, attempting to validate racist principles
of White versus sub-humans, reflected in anatomical and skeletal collections in the US. Greater
diversity in skeletal collections would better exemplify human morphological variation.
9.2

The importance of human osteology collections for anthropological research
The significance of osteological collections is indispensable for the scientific value across

multiple disciplines. The analysis of human variation found across public and private osteology
collections demonstrates temporal and geographic biodiversity, which in and of itself are
noteworthy examples of evolutionary mechanisms such as gene flow, but especially useful when
utilized across professions, including medical, dental, and public health studies.
Osteology research collections, notably the Hamann-Todd Anatomical Collection and the
W. Montague Cobb Human Skeletal Collection, have served extensively as the basis for standard
estimation methods in assessing the human biological form. Additionally, specialized
collections, such as the Atkinson Collection at the University of the Pacific in San Francisco,
California, consist solely of crania for orthodontic studies. These collections act as a valuable
resource in forensic anthropological and forensic odontology research. However, such
collections do not adequately represent the wide degree of global human skeletal variation
(Ubelaker 2018). As explained by Mann et al. (2021), there is no single osteology collection with
a repository that can be set as an example of human variation across space and time. Usher
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(2008) states that collections were ideal when there was a “good representation of the variation
present in the population of interest” (31). Changes in our environment and diets in the US over
the past century are not represented in these older collections.
9.3

Cultural and societal responses to body and organ donation
Asian Americans have substantial transplantation needs but the lowest organ donation

rates in the United States. The rate of organ donation by Asian Americans has not kept pace with
that of its general population (Park et al. 2009; Wong et al. 2009) because the number of
individuals awaiting organ and tissue transplants greatly “exceeds the number of organs donated
annually” (Park et al. 2009, 648). Support of organ donation among Asian Americans has been
limited, but lack of access to information and prevalence of misinformation are two barriers that
might be counteracted by public education (Wong et al. 2009). Studies have shown that media
venues ranked highest for information dissemination on organ donation/transplantation were, in
descending order, mainstream television, ethnic newspapers, mainstream newspapers, and ethnic
television.
Discrepancies in skeletal research may exist simply due to the limited number of
participants of Asian American and Pacific Islander descent willing to donate their bodies to
science. The Cancer Research Center in Hawai’i reports that postmortem donation and low
desirability among Filipinos in Hawai’i is often due to cultural, religious, or superstitious, and
personal barriers (Albright 2005). Albright explains that “[u]nderstanding a specific ethnic
group's knowledge, attitudes, and cultural beliefs regarding organ donation are important in the
development of education campaigns to encourage organ donation in ethnic minority
populations” (2005). In response, the University of Hawai’i and the Organ Donor Center of
Hawai’i collaborated to improve the organ donation rates among the AAPI community in Oahu.
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The result of this collaboration was the establishment of the Bayanihan Project. Bayanihan is a
Tagalog word that refers to “a spirit of communal unity and cooperation” (Albright 2005). The
Bayanihan Project regularly hosts blood drives at their headquarters in Honolulu while offering
public services and stimulating awareness of the donor registry’s importance.
The latest national data recorded on January 21, 2021, by Organ Procurement and
Transplantation Network (OPTN), a public-private organization in partnership with donor and
transplant organizations in the US, indicates that 33,309 life-saving transplants from deceased
organ donors were recorded in 2000, which is a 6% increase from 2019. In contrast, there were
5725 living donor transplants in 2020, a 22.6% decrease from those recorded in 2019. The
United Network for Organ Sharing (UNOS), a federally funded non-profit networking with
hospitals, transplant facilities, and volunteer donors, reports that as of December 5, 2021, there
are 106,916 people on waiting lists for an organ donation, and 63,364 of those people are
actively waiting for a lifesaving gift. However, as of December 2, 2021, there have been 17,013
donations from deceased and living donors.
9.3.1

Synthesis of organ donor studies

In reviewing global studies on opinions of organ or body donation after death, various
cultures in geographic regions generally hold strong cultural or religious views on what it means
to be an organ donor. Often, religious beliefs (Corlett 1985; Irving et al. 2012) prevent
individuals from considering the option and were the distrust in hospitals or the idea in a black
organ market (Morgan et al. 2008; Irving et al. 2012). However, when individuals and their
communities are well informed and regularly updated about donor options and processes, they
are more likely to consider being a donor, or at the very least, support a family member who is
considering being one.
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It was typical that sociodemographic (Barcellos et al. 2005; El-Shoubaki et al. 2005) and
socioeconomic status (Hai et al. 1999) were factors that limited awareness of the urgent need for
organ donors. A poignant reason among studies suggests that “experiences of society” (Morgan
et al. 2008) in life contribute to a greater desire to claim identity towards the end of life by
wanting to return to homelands or be buried next to loved ones. Regardless of the reasonable
explanations on death ideologies and organ donor hesitations, one thing is clear: community
awareness and an attempt at destigmatizing end-of-life options are necessary for organ and body
donations to be more widely and readily considered.
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10 CONCLUDING REMARKS
This study aspired for a more comprehensive evaluation of the samples, but there were
ongoing restraints to that possibility. It was no small deed to pursue an opportunity to conduct
thesis research at UH JABSOM amid the COVID-19 pandemic, mainly because Hawai’i upheld
very stringent travel restrictions by those traveling from the mainland or internationally even 12
months later. The organization of logistics involved with this research experience took over ten
months to plan. It required a negative COVID-19 test 36 hours before arrival to the island of
Oahu, which was tricky to navigate when preoccupied with the safety of traveling, in general. All
staff and visitors were required to comply with CDC safety precautions regarding social
distancing, wearing an N94 mask, and complete temperature checks at arrival to access the
Mann-Labrash Osteological Collection while in the Department of Anatomy, Biochemistry &
Physiology (ABP) at UH JABSOM.
As a biological anthropology graduate student, it was a pleasure to elaborate on
quantitative data, especially from self-collected primary data. As a researcher, it is always a
privilege to study the dead, uphold principles of research ethics, and treat human remains with
respect. In closing, it would be an honor to follow the aloha practiced by the UH JABSOM
ohana by recognizing the ‘silent teachers’ who selfishly gave the most valuable gift to further
our knowledge in biological and anatomical studies which ultimately led to this thesis. The
following are the names of the 2020 and 2021 cremains honorees as provided by UH JABSOM:
Tiffany F. Agno, Albert K. Akahoshi, Jerry H. Anderson, Elizabeth A. Andrews, Raymond A.
Begany, Judith G. Browning, Jeffrey A Burkett, Elizabeth W. Carson, James H.S. Choi, Ton
Won Choi, Jane K. Chong, Patrick H. Chun, Trever W. Comer, Gianfranco Contesini, Ochiyo
Costa, Charles D. Dreher, Alma W. Dunn, Robert F. Erwin, Leslie Ewing, Jr., Mary E. Farris,
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Lizbeth N. Fidele, Florence R. Fleisher, James E. Fleming, Satoru Fujikawa, Ethel P. Goods,
Richard A. Gould, Jean M. Graham, Jeanette Green, Franklin E. Hammer, Jr., Miyono Hayashi,
Charlene C. Hee, Charles K. Hekekia, Jr., Carlos E. Herrera, Dorothy B. Hinton, Arthur H.
Ikeda, Glenn S. Ito, Sally J.L. Kanehe, Herman M.H. Keala, Jr., Scott T. Kimura, Stanette S.
Kitamura, Mele Kong, Alberto D. Lagon, Jacob Lee, Jack S. Leslein, Ruth A. Makini, Cynthia F.
Manufekai, Florence P. Meister, Elizabeth L. Mello, Ruth S. Motley, Patsy K. Navares, Wendell
A. Nekoba, Alan G. Nichols, Jr., Mamiko Okamoto, Flora K. Onomoto, Louis E. Polichetti,
Mark A. Prados, James Reilly, Daniel E. Riebow, Gail C. Rosenberg, Isabel Sawaba, Paul D.
Scherer, Miyako Schwartz, Frederick C. Singelman, Frances K. Suda, June I. Takemoto, Gerald
W. Thornburg, Gordon K.K. Tom, Leona L. Tosaki, Roberto D. Ty, Linda L. Verdugo, Clarence
B. Vierra, Jr., Mildred S. Watanabe, Tracy C. Whitfield, Arnold E. Widder, Anna L. Williams,
Melvyn K. Wise, Nancy N. Woitovitch, Kevin H.Y.T. Wong, Robert T. Woosley, Tomiko S.
Yamamoto, Steven Y. Yonamine, and Gerald S. Yoshikane.
Mahalo.
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